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ABSTRACT
This thesis consists of finding the mode shape and natural frequency of a 4 
stroke motorcycle engine crankshaft. The test is done in both simulation and also 
experimental using a simple test rig. The crankshaft is modeled using Solidworks 
computer aided design (CAD) software and simulation analysis is done in ALGOR 
computational aided engineering (CAE) software. Experimental is done by using impact 
hammer to excite the crankshaft and data recorded using data acquisition system (DAS) 
connected to sensor located on the crankshaft. The results for both simulation and 
experimental is compared. The final selected natural frequency for simulation is based 
on mesh aspect ratio of 60%. Simulation natural frequency in 1st mode is 1044.9 Hz 
(bending in face off), 2nd mode is 1204.59 Hz (bending in face axis), 3rd mode is 
2104.59 Hz (bending out of face), 4th mode is 2174.66 Hz (bending out of face) and 5th
mode is 2624.24 Hz (bending out of face). Meanwhile, the experimental natural 
frequency in 1st mode is 990.01 Hz, 2nd mode is 1244 Hz, 3rd mode is 2084.89 Hz, 4th
mode is 2219.11 Hz and 5th mode is 2791.18 Hz.. The discrepancy errors recorded 
between simulation and experimental is ranging from 0.94 – 6.56 %.
viii
ABSTRAK
Tesis ini terdiri dalam mencari bentuk mod dan frekuensi semulajadi aci engkol 
sebuah enjin motorsikal 4 lejang. Ujian ini dijalankan dalam dua keadaan iaitu 
eksperimen dan simulasi komputer. Aci engkol akan dimodelkan menggunakan perisian 
CAD SOLIDWORKS dan analisis simulasi akan dilakukan didalam perisian CAE 
ALGOR. Eksperimen pula akan dilakukan menggunakan tukul impak untuk 
menggetarkan aci engkol tersebut. Data akan direkod menggunakan alat pengumpulan 
data dimana ia disambungkan pada sensor yang terletak pada permukaan aci engkol 
tersebut. Keputusan yang diperolehi dari kedua-dua eksperimen dan simulasi akan 
dibandingkan. Nilai frekuensi jati yang muktamad dipilih dari nisbah mesh 60%. 
Cadangan untuk mempertingkatkan lagi kualiti eksperimen dan simulasi di masa 
hadapan juga telah disenaraikan. Frekuensi semulajadi secara simulasi pada mod 1 ialah 
1059.6 Hz, mod 2 ialah 1204.59 Hz, mod 3 ialah 2104.59 Hz, mod 4 ialah 2174.66 Hz
dan mod 5 ialah 262.24 Hz. Frekuensi semulajadi secara eksperimen pada mod 1 ialah
990.01 Hz, mod 2 ialah 1224 Hz, mod 3 ialah 2084.89 Hz, mod 4 ialah 2219.11 Hz dan
mod 5 ialah 2791.18 Hz. Peratus ralat yang telah direkodkan berada dalam lingkungan 
0.94 – 6.56 %.
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1CHAPTER 1
INTRODUCTION
1.1 INTRODUCTION
Since 1335, the theory of automobile had been recorded, from the first to be 
driven by wind to the latest state of the art electric vehicle. In 1876, Nicolaus August 
Otto invented the first internal combustion engine known as The Otto Cycle Engine. 
Then in 1886, Gottlieb Daimler improved the idea of internal combustion engine that 
is practical to be used as an automotive engine. Since then, the idea of internal 
combustion engine had improved exponentially but, the very basic concept of Otto 
cycle still remains.
In Otto cycle engine or Internal Combustion Engine (ICE), a piston, or series 
of it will reciprocate in a linear manner, for example, ups and downs. Such linear 
motion need to be translated into rotational motion in order for the power generated 
from the movement of the piston into any mechanism that can move the car. The 
mechanical part that translates all the piston’s linear motions is called crankshaft.
Wiiard W. Pulkabek, (2004) said that, in modern ICE, the crankshaft can 
rotate up to 20000 rpm. At 20000 rpm, with forces exceeds 3000 N push down on the 
crankshaft, careful consideration of material and calculations is needed to create a 
crankshaft that can take not only directional forces, but also rotational motion. As the 
crankshaft rotates, vibration will occurs. The crankshaft working cycles will be 
shortened dramatically if the vibration is not contained. Frequency of vibration will 
often occur when a system is vibrating, in this case, the crankshaft.
2In ICE, every part has its own natural frequency. Natural frequency is the 
frequency at which a system naturally vibrates once it has been set into motion. In 
other words, natural frequency is the number of times a system will oscillate (move 
back and forth) between its original position and its displaced position, if there is no 
outside interference. If the crankshaft vibrating frequency is near or same as its 
natural frequency, resonance will happened and the effect on the crankshaft or even 
the ICE itself is catastrophic.
1.1.1 Project Background
Crankshaft is a fundamental and a very crucial part in ICE. Its role as the 
main translational-rotational converter have been used and perfected as early as 1226 
by Al-Jazari in his water pump machines. Typically in an ICE, the crankshaft would 
be fitted with flywheel in order to reduce the pulsating of sudden force exerted 
during combustion. Without the flywheel, the crankshaft will experience even higher 
pulsating and thus, increase the crankshaft wear and tear in the crankshaft structure.
3Figure 1.1: Engine crankshaft (motorcycle)
Another major problem when dealing with crankshaft is its out-of-balance 
characteristics. From the figure above, we can see that the crank pins is off from the 
center, will surely will act as an out-of-balance mass. With the crankshaft is out of 
balance, it will vibrate when the crankshaft rotate. Frequency will be generated when 
the crankshaft rotates and if the crankshaft rotating frequency is equal to its natural 
frequency, resonance will happen and the crankshaft will break in the long term.
Crankshaft in modern ICE normally had been fitted with a counter-balance 
mass just opposite to compensate with the mass of crank pins. Even though this 
works amazingly well, it is really impossible to contain all the vibration on the 
crankshaft, and thus resonance can still happens.
41.2 PROBLEM STATEMENTS
In early era which is the usage of a crankshaft is limited, wood is the most 
favorable material to be used. Later, when crankshaft became one of the most 
important parts of machinery, steel have been used. The most commonly used is cast 
ductile iron, as it is easy to manufacture and easily available at a low price compared 
to the more advanced forged steel.
Material selection is important as it affects the crankshaft performance, for 
example, a normal road car engine typically used a cast iron crankshaft, with an 
optimal torque to be at around 3000-4000 rpm, the crankshaft need to be fabricates so 
that resonance would not occur during those working conditions. On the other hand, 
a higher rpm engine with optimal torque output at around 6000-8000 rpm or even 
higher, material such as forged steel have been seen used. Furthermore, extreme 
applications such as F1 engine crankshaft which normally operates exceeds 18000 
rpm, material such as 4340 VAR Electric Arc Vacuum Re-melt Chrome-Moly Alloy 
steel have been used.
The selection of material will affect the natural frequency of the crankshaft. 
Proper selection is needed to avoid resonance in the crankshaft, which in this case, 
whirling. Whirling can affect the crankshaft’s life and engine performance. Whirling 
causes the crankshaft to deflect, and when crankshaft is deflected, even in micron 
meters, not only shorten its life but also reduced the engine power output.
In ICE, the crankshaft will likely to fracture when experienced excessive 
vibration in a long term period. Possible types of failure that normally occurs in 
crankshaft including shearing and bending and possible breaking. This vibration 
normally gets bad during resonance which the crankshaft vibration amplitude will 
vibrate at its peak limit. Resonance will happen when the crankshaft vibration 
oscillates at its own natural frequency.
51.3 PROJECT OBJECTIVES
The main objective for this project is to identify the dynamic behavior of a 
small crankshaft (motorcycle) with finding the natural frequency, ωn  and 
mode shapes.
1.4 PROJECT SCOPES
The scopes for this project are:
a) To identify a small crankshaft that to be used
b) Determine the properties of the crankshaft
c) Modeling of the crankshaft using solidwork
d) Performing FEA use Algor software
e) Performing modal analysis test using impact hammer
f) Comparison between simulation and experimental.
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LITERATURE REVIEW
2.1 INTRODUCTION
In real life application and testing, experimental modal analysis is a crucial 
and accurate method to find the natural frequency and mode shape, but it is a very 
time consuming method especially on a large object such as a bridge or a steel tower 
like The Eiffel Tower in France. Finding these objects mode shapes and natural 
frequency can take weeks or even months to complete. This is where Finite Element 
Analysis comes in handy.
Finite Element Analysis or better known as FEA has been developed in 1943 
by Richard Courant, who used the Ritz method of numerical analysis and 
minimization of variational calculus to obtain approximate solutions to vibration 
systems. From the engineering side, the finite element analysis originated as the 
displacement method of the matrix structural analysis, which emerged over the 
course of several decades mainly in British aerospace research as a variant suitable 
for computers. By late 1950s, the key concepts of stiffness matrix and element 
assembly existed essentially in the form used today and NASA issued request for 
proposals for the development of the finite element software NASTRAN in 1965.
72.2 MODAL ANALYSIS (MA)
Modal Analysis (Jimin He and Zhi-Fang Fu, 2001) is the process of 
determining the inherent dynamic characteristics of a system in forms of natural 
frequencies. Damping factors and mode shapes, and using them to formulate a 
mathematical model for its dynamic behavior .The formulated mathematical model is
referred to as the modal model of the system and the information for the 
characteristics are known as its modal data.
            The dynamics of a structure are physically decomposed by frequency and 
position. This is clearly evidenced by the analytical solution of partial differential 
equations of continuous systems such as beam and strings. Modal analysis is based 
upon the fact that the vibration response of the linear time invariant dynamic system 
can be expressed as linear combination of a set of simple harmonic motions called 
the natural modes of vibration. This concept is akin to the use of a Fourier 
combination of sine and cosine waves to represent a complicated waveform .the 
natural modes of vibration are inherent to a dynamic system and are determined 
completely by its physical properties (mass, stiffness, damping) and their spatial 
distribution .Each mode is described in term of its modal parameter: natural 
frequency, the modal factor and characteristic displacement pattern, namely mode 
shape. The mode shape may be real or complex. Each corresponds to a natural 
frequency. The degree of participation of each natural mode in the overall vibration is 
both determined by properties of the excitation source(s) and by the mode shapes of 
the system.
           Modal analysis embraces both theoretical and experimental techniques. The 
theoretical modal analysis anchors on a physical model of a dynamic system 
comprising its mass, stiffness and damping properties. These properties may be given 
in forms of partial differential equation. An example  is wave equation of a uniform 
vibratory string established from its mass distribution and elasticity properties. The 
solution of the equation provides the natural frequencies and mode shapes of the 
string and its force vibration responses. However, a more realistic physical model 
will usually comprise the mass, stiffness and damping properties in terms of their 
8spatial distributions, namely the mass, stiffness and damping matrices. These 
matrices are incorporated into a set of normal differential equation of motion the 
superposition principle of a linear dynamic system enables us to transform these 
equation into a typical Eigen value problem. Its solution provides the modal data of 
the system. Modal finite element analysis empowers the discrezation of almost any 
linear dynamic structure and linear dynamic structure and hence has greatly enhanced 
the capacity and scope of theoretical modal analysis .On the other hand, the rapid 
developed over the last two decades of data acquisition and processing capabilities 
has given to major advance in the experimental realm of the analysis which has 
become known as modal testing.
2.3     MODAL TESTING
            Modal testing is an experimental technique used to derive the modal model of 
a linear time-in variant vibratory system. The theoretical basis of the technique is 
secured upon establishing the relationship between the vibration response at one 
location and excitation at the same or another location as a function of excitation 
frequency. This relationship, which is often a complex mathematical function, is 
known as frequency response function or FRF in short. Combination of excitation 
and response at different location lead to a complete set of frequency functions 
(FRFs) which can be collectively represented by and FRF an FRF matrix of the 
system. This matrix is usually symmetric, reflecting the structural of the system.
            The practice of modal testing involves measuring the FRFs or impulse 
responses of a structure. The FRF measurement can simply be done by asserting a 
measured excitation at one location of the structure in the absence of other excitation 
and measure vibration responses at one or more location. Modern excitation 
technique and recent developments modal analysis theory permit more complicated 
excitation mechanisms. The excitation can be of a selected frequency band, stepped 
sinusoid, transient, random or white noise. It is usually measured by a force 
transducer at the driving point while the response is measured by accelerometer or 
other probes. Both the excitation and response signals are fed into an analyzer which 
is an instrument responsible for computing the FRF data.
9          A practical consideration of modal testing is how much FRF data need to be 
acquired in order to adequately derive the modal model of the tested object. When 
doing a simple hammer test, a fixed response location is used while alternately 
moving force excitation points. The measured FRF data constitute a row of the FRF 
matrix. These data would theoretically suffice for deriving the modal model. For a 
simple shaker test, a fixed force input location is used while alternately moving 
response collection points or simultaneous acquiring responses from points. The 
measured FRF data constitute a column of the FRF matrix. Again, the data should 
suffice theoretically. With sufficient data, numerical analysis will derive modal 
parameters by ways of curve fitting .this process is known as experimental modal 
analysis. The derived parameters will form the modal model for test structure. 
Parameter can be extracted either from individual FRF curves or form a set of FRF 
curves.
            In summary, experimental modal analysis involves three constituent phases
test preparation, frequency response measurements and modal parameter 
identification. Test preparation involves selection of a structure’s support, support, 
type of excitation force, and location of excitation. Hardware to measure force and 
responses, determination of a structural geometry model which consists of points of 
response to be measured, and identification of mechanisms which could lead to 
inaccurate measurement .during the test, a set of FRF data is measured and stored 
which is then analyzed to identify modal parameters of the tested structure.
2.4 EXPERIMENTAL MODAL ANALYSIS (EMA)
Modal Analysis, or more accurately Experimental Modal Analysis, is the 
field of measuring and analyzing the dynamic response of structures and or fluids 
when excited by an input. Examples would include measuring the vibration of a car's 
body when it is attached to an electromagnetic shaker, or the noise pattern in a room 
when excited by a loudspeaker. Classically this was done with a SIMO approach, 
Single Input, Multiple Output, that is, one excitation point, and then the response is 
measured at many other points. However in recent years MIMO has become more 
practical.
